Introduction
Selective catalytic oxidation (SCO) of ammonia and oxidative dehydrogenation (ODH) of light hydrocarbons have been extensively studied over alumina-or titaniasupported vanadium or iron oxide catalysts [1] [2] [3] [4] . A major challenge in this field is improvement of selectivity and reduction of temperature of catalytic process. One method to overcome these problems is to use metal oxide additives. The vanadium-containing catalysts can be tuned with second or third component like W, Mo, Fe, Ni and Co [1] [2] [3] [4] . Another interesting problem to solve is to search for new and effective materials for manufacturing of electrodes in secondary lithium batteries. Such materials should have in their structure tunnels, which can serve as the paths of easy diffusion of lithium during charging and discharging of batteries. Potential candidate for manufacturing of both catalysts and electrodes is phase Fe 8 [5] [6] [7] [8] [9] . Fe 8 V 10 W 16 O 85 crystallizes in a tetragonal system and adopts M-Nb 2 O 5 tunnel structure [5, 6] . Its unit cell parameters are following: a = b = 1.9753 nm, c = 0.3717 nm [5, 6] . This compound melts at 840°C with depositing two solid products, i.e., WO 3 and Fe 2 WO 6 [8] . It is also known that in the system Fe 2 O 3 -V 2 O 5 -WO 3 [7] . The literature scan has shown that Fe 8 V 10 W 16 O 85 can be obtained in the solid state, but at temperatures higher than 700°C [9] . The aim of this work was searching for alternative synthesis methods for Fe 8 4 VO 3 in 400 cm 3 of water. Received solutions were mixed together with energetic stirring. Obtained in this way light orange solution was evaporated to dryness at 60°C yielding brown solid. In the text of this paper such obtained solid product will be denoted as FeVW. To know the mechanism of decomposition of FeVW, 2 g samples of FeVW was calcined in independent experiments at 190, 300, 600, 750 and 800°C in 1-h stages and at 800°C for 24 h. In the parallel studies, tungsten precursor WP was calcined in independent experiments at 190, 375 and 600°C in 1-h stages. The temperatures of calcinations of samples were selected based on the results of DTA-TG investigations of WP and FeVW. The phase composition and properties of substrates and products obtained after each heating stage were established using XRD, IR and NIR/DRS instrumental techniques.
X-ray phase analysis (XRD) of the samples was performed using an Empyrean II diffractometer (PANalytical, The Netherlands) applying copper tube equipped with a graphite monochromator. The identification of the individual phases was performed by using HighScore software (PANalytical, The Netherlands) and ICDD PDF4? 2014 database.
The IR spectra were recorded by Specord M80 spectrometer (Carl Zeiss, Jena, Germany) using pellets in KBr at a mass ratio 1:300.
The NIR/DRS measurements were made using a Jasco V670 spectrometer matched with integrating sphere PIN 757 (Jasco, Japan) using Spectralon as a reference material.
The DTA-TG examinations were performed using an apparatus SDT 2960 (TA Instruments, USA). Samples of 25 mg were investigated up to 1000°C in static air in quartz crucibles and at the heating rate of 10°C min -1 .
Results and discussion
Hunyadi and coworkers [10] In order to know WO 3 content in WP, sample of tungsten precursor was subjected to DTA-TG investigations. Figure 2 shows DTA and TG curves of WP. The DTA-TG curves have complex shape comprising a series of processes quickly following one another. One can distinguish five mass loss stages on the TG curve. On the DTA curve were recorded three endothermic and two exothermic effects. The first and second mass loss processes start at 40 and at 60°C, respectively, and run with mass loss of 3.0 and 2.0 %, respectively. Both processes are accompanied by endothermic effects. Mass loss recorded in this stage of decomposition of WP (5.0 mass %) is considerably greater than the mass loss (2.4 mass %) recorded in analogous stage of decomposition by Hunyadi et al. [10] . The third stage of investigated process commences at 220°C, runs with 4.5 % mass loss and is also accompanied by endothermic effect. The fourth and fifth mass loss processes start at 350 and 450°C, respectively, and are accompanied by exothermic effects. The overall mass loss for both processes equals to 0.8 %. These mass loss effects are comparable with analogous effects recorded by Hunyadi et al. [10] In order to get insight into decomposition process of WP, samples of tungsten precursor were heated at 190, 375 and 600°C in 1-h stages. Fragments of powder diffraction patterns recorded after each stage of heating are shown in Fig. 1 . Diffraction pattern recorded after heating at 190°C (curve b) differs considerably from this one of WP (curve a) and any single diffraction pattern of ammonium tungstate(VI) included in PDF-4 2014 database. On the other hand, X-ray phase analysis has revealed that diffraction pattern of WP sample after heating at 375°C comprises a set of diffraction reflections which can be attributed to hexagonal WO 3 (h-WO 3 , PDF 04-007-2322) and monoclinic WO 3 (m-WO 3 , PDF 00-043-1035) [10] [11] [12] . We can't exclude, however, content of hexagonal ammonium tungsten bronze (NH 4 ) 0.33-x WO 3-y (HATB, PDF 00-058-0151) in this sample because there is no sharp division of diffraction reflections between h-WO 3 and HATB [10, 13, 14] . Powder diffraction pattern of WP sample heated at 600°C comprised only diffraction reflections characteristic for monoclinic WO 3 [10] [11] [12] 14] . Formation of m-WO 3 as an end product of decomposition of WP corroborates our earlier statement that WP contains 89.7 mass% of WO 3 .
Next, samples of pure WP and WP heated at 190, 375 and 600°C in 1-h stages were subjected to investigations with the help of IR and NIR/DRS spectroscopic methods. 4 groups) in this sample. Absorption bands at 1630 and 3440 cm -1 are much weaker than in the case of spectra of pure WP and WP heated at 190°C. Such bands are most probably produced by water molecules adsorbed by KBr in the course of preparation of KBr pellets or small amounts of water adsorbed on the surface layer of obtained product. This suggestion is supported by the results of NIR/DRS investigations. NIR/DRS spectrum of WP sample heated at 375°C comprises only absorption bands characteristic for ammonia (1575, 2040 and 2150 nm). Intensity of absorption bands characteristic for ammonia (NH 4 groups) is weak, indicating low ammonia content in the sample. Low content of ammonia in this sample is in accord with low mass loss (0.8 %) recorded on TG curve in the temperature range of 350-520°C. An exothermic effect recorded on DTA curve with maximum at 370°C is most probably related to transformation of amorphous phase to h-WO 3 or HATB, whereas this at 440°C can be connected with combustion of ammonia [10, 14] . IR and NIR/DRS spectra of WP sample heated at 600°C do not include absorption bands characteristic for ammonia and water (IR bands at 3440 and 1630 cm -1 are produced by water adsorbed by KBr), supporting results of XRD investigations, indicating that this sample contains pure m-WO 3 . IR bands recorded in the range of 1000-300 cm -1 on all spectra in Fig. 3 can be ascribed to stretching vibrations of W-O bonds in distorted WO x polyhedra present in obtained phases [5, 6, 10, 14] .
In the second stage of research, brown solid obtained after evaporation of water at 60°C from solution containing metal precursors of iron, vanadium and tungsten (FeVW) and products obtained after its heating at 190, 300, 600, 750 and 800°C were subjected to XRD, DTA-TG, IR and NIR/DRS investigations. 0.6 % starts at 530°C and ends at 580°C and is not accompanied by any well-defined thermal effects. Thus, decomposition of FeVW runs with overall mass loss of 32.0 %. Moreover, on the DTA curve were recorded also two weak endothermic effects with maxima at 820 and 840°C. The first effect can be attributed to melting of Fe 8 V 10 W 16 O 85 [8] and the second one to melting of FeVO 4 [24] which were formed in small amounts in the course of heating the sample. In order to get insight into decomposition process of FeVW, samples of FeVW were heated at 190, 300, 600, 750 and 800°C in 1-h stages and at 800°C for 24 h. Powder diffraction patterns of FeVW recorded after each stage of heating are shown in Fig. 6 . Results of XRD investigations revealed that FeVW sample besides amorphous component contains also small amount of crystalline NH 4 NO 3 , the by-product of the synthesis. Figure 6 (curve a) shows fragment of this powder diffraction pattern. Analysis of recorded powder diffraction patterns points out that decomposition process of FeVW runs through the stage with formation of amorphous product (Fig. 6 , curve b, heating at 190°C), formation of mixture of unknown phase and FeVO 4 (PDF 04-008-387) (Fig. 6 , curve c, heating at 300°C, and curve d, heating at 600°C) and formation of mixture of m-WO 3 and FeVO 4 (Fig. 6 , curve e, heating at 750°C and stage after heating at 800°C for 1 h, pattern not shown in Fig. 6 ). The results of XRD investigations have revealed that only heating at 800°C for 24 h (Fig. 6, (Fig. 6) .
Samples of FeVW and FeVW heated at 190, 300, 600, 750 and 800°C were subjected to investigations using IR and NIR/DRS spectroscopy. Recorded spectra are shown in Fig. 7 (IR spectra) and in Fig. 8 (NIR/DRS spectra) .
Similarly like in the case of WP, IR spectra of FeVW (Fig. 7, curve a) and FeVW after heating at 190°C (Fig. 7 , curve b) are very similar and include absorption bands characteristic for ammonia (maxima at 1400 and 3130 cm -1 ) and water (maxima at 1630 and 3440 cm -1 ). On the other hand, analysis of NIR/DRS spectra of these samples (Fig. 8, curves a, b) shows that after calcinations at 190°C intensity of bands characteristic for water (1430 and 1930 nm) decreased considerably, whereas these ones characteristic for ammonia (1575, 2040 and 2150 nm) did not changed their intensities. It indicates that the first mass loss process (onset at 60°C) is mainly connected with elimination of water from FeVW. NIR/DRS spectrum of FeVW sample heated at 300°C (Fig. 8 , curve denoted as triangle) does not contain bands characteristic for water and ammonia, whereas IR spectrum comprises only a very weak band characteristic for ammonia (1400 cm higher temperatures changes mainly the envelope of IR spectra in the 1000-300 cm -1 range, characteristic for absorption of radiation by WO x polyhedra [5, 6, 10, 14] , and shifts NIR/DRS curves toward lower values of reflectance. This last phenomenon can be connected with gradual change in color of samples from brown to almost black, characteristic for samples after heating at 800°C.
Analysis of results obtained during investigation of tungsten precursor WP and brown solid FeVW indicates that exothermic effects recorded on DTA curves of WP and FeVW can be attributed to oxidation of ammonia [10, 14, [25] [26] [27] . It is worth to say that strong exothermic effect recorded on DTA curve of WP with maximum at 440°C is shifted in the case of FeVW toward lower temperatures with maximum at 240°C. According to literature data, NH 4 NO 3 , which was detected in FeVW sample, melts at 169.6°C and then starts to dissociate into NH 3 and HNO 3 [25] [26] [27] . Next, NH 3 is oxidized by decomposition products of HNO 3 . In the temperature range of 200-230°C exothermic decomposition occurs. Thus, exothermic effect recorded on DTA curve of FeVW with maximum at 240°C can be attributed to oxidation of ammonia, product of decomposition of NH 4 NO 3 . It seems that admixtures of vanadium or vanadium, iron and tungsten can play the role of catalysts in oxidation of ammonia and are responsible for lowering the temperature of ammonia oxidation. 
Conclusions

